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SOLUTION: A transmission light-detection apparatus 
comprises a diaphragm member 66 and one 
light-receiving section 60s. The diaphragm member 66 
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Transmission light 88a and 88b through the micro channel 
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One light-reception section 60s receives transmission 
light 88a and 88b emitted from the second openings 67x 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the transmitted light detection equipment which detects change of the transmitted 
light which irradiated light in micro passage and penetrated micro passage Are the converging 
section material which has two or more pairs of 1st and 2nd openings, and the 1st opening of 
the above counters micro passage, respectively, and is arranged. Transmitted light detection 
equipment characterized by having the converging section material in which the transmitted 
light which penetrated micro passage carries out incidence to the 1st opening of the above, 
respectively, and which carries out outgoing radiation from the 2nd corresponding opening of 
the above, respectively, and one light sensing portion which receives the transmitted light 
which carried out outgoing radiation from the 2nd opening of the above of the above- 
mentioned converging section material, respectively. 

[Claim 2] It is transmitted light detection equipment according to claim 1 with which it is 
characterized by the above-mentioned converging section material having the direction 
parallel to the above-mentioned parallel light which connects the 1st corresponding opening 
of the above, and the 2nd opening of the above by having the parallel light exposure member 
which irradiates parallel light in the above-mentioned micro passage. 

[Claim 3] Transmitted light detection equipment according to claim 1 with which the progress 
include angle of the light which is the maximum of the include angle which the straight line 
which connected the point on each periphery of the 1st opening of the above and the 2nd 
opening of the above to which the above-mentioned converging section material corresponds 
makes is characterized by being 10 or less degrees. 

[Claim 4] Transmitted light detection equipment according to claim 1 with which the progress 
include angle of the above-mentioned light is characterized by being 3 or less times. 
[Claim 5] The 1st opening of the above of the above-mentioned converging section material is 
transmitted light detection equipment characterized by carrying out two or more arrangement 
in the direction of passage of the above-mentioned micro passage. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to transmitted light detection equipment. 
[0002] 

[Description of the Prior Art] Recently, a micro machine technique is applied and mu-TAS 
(micro-Total Analysis System) which makes detailed a device and technique, such as a 
chemical analysis and composition, and performs it attracts attention. In mu-TAS made 
detailed compared with conventional equipment, there is a merit, like there is little trash with 
short reaction time with few amounts of a sample. Moreover, when it is used for the medical 
field, the burden to a patient can be mitigated by lessening the amount of a specimen (for 
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example, blood), and the cost of inspection can be lowered by lessening the amount of a 
reagent. Furthermore, since there are few amounts of a specimen and a reagent, reaction time 
is shortened substantially, and the increase in efficiency of inspection can be attained. Since it 
is such, the merit applied to immunologic test, biochemical inspection, and blood coagulation 
inspection, genetic screening, etc. is large. 

[0003] The reaction detection approach in a large-sized (medium size) device which uses the 
present cuvette has various approaches, such as fluorescence detection / luminescence 
detection, scattered-light detection, and transmitted light detection. 

[0004] Although JP, 10-288580, A is indicated about transmitted light detection of a micro 
fluid chip, it is not touching on the relation between a light sensing portion and an aperture. 
Although JP,10-132783,A is indicated about transmitted light detection of a micro fluid chip 
like the above-mentioned official report, it is not touched by the aperture, and is indicated 
about the detection equipment of an electrophoresis apparatus, and, as for transmitted light 
detection equipment, the principle of detection is also different. 
[0005] 

[Problem(s) to be Solved by the Invention] When detecting a reaction the dispersion matter is 
generated by whose mixing of a reagent and a specimen, there are an approach of carrying out 
direct detection of the increment in the scattered light and a method of detecting the 
transmitted light and detecting change of the scattered light from the decrement. 
[0006] Like a micro fluid chip, when there is little volume, there is also little scattered light by 
the reaction and it becomes difficult to catch the scattered light directly. 
[0007] On the other hand, since the increment in the scattered light of all include angles 
serves as reduction in the transmitted light and the method of catching the transmitted light 
appears, it is advantageous. In this case, since the scattered light which passes an aperture can 
be reduced the more the more it makes small the path of the aperture (opening) which the 
transmitted light passes, a slight dispersion change can also be caught and sensibility becomes 
good. However, although the rate of change of the quantity of light of the transmitted light 
will increase if the path of an aperture is made small, variation becomes less absolutely and 
there is a possibility that change of the quantity of light of the transmitted light may be buried 
in the electrical noise at the time of signal magnification etc. 

[0008] Therefore, the technical technical problem which this invention tends to solve offers 
the transmitted light detection equipment which can make effect of a noise small, improving 
detection sensitivity of the transmitted light. 
[0009] 

[Means for Solving the Problem] This invention offers the transmitted light detection 
equipment of the following configurations, in order to solve the above-mentioned technical 
technical problem. 

[0010] Transmitted light detection equipment is a thing of a type which detects change of the 
transmitted light which irradiated light in micro passage and penetrated micro passage. 
Transmitted light detection equipment is equipped with converging section material and one 
light sensing portion. The above-mentioned converging section material has two or more pairs 
of 1st and 2nd openings. The 1st opening of the above counters micro passage, respectively, 
and is arranged. The transmitted light which penetrated micro passage carries out incidence to 
the 1st opening of the above, respectively, and carries out outgoing radiation from the 2nd 
corresponding opening of the above, respectively. The one above-mentioned light sensing 
portion receives the transmitted light which carried out outgoing radiation from the 2nd 
opening of the above of the above-mentioned converging section material, respectively. 
[0011] In the above-mentioned configuration, outgoing radiation of the transmitted light from 
micro passage is carried out from the 2nd opening which carries out incidence to the 1st 
opening of converging section material, and is equivalent to it. On the other hand, even if it 
does not carry out incidence of the great portion of scattered light by the light irradiated by 



3 



micro passage to the 1st opening of converging section material or it carries out incidence, 
outgoing radiation of it is not carried out from the 2nd opening. Therefore, although the 
transmitted light reaches a light sensing portion, the scattered light hardly reaches. 
[0012] According to the above-mentioned configuration, the quantity of light of one light 
sensing portion which receives light rather than the case where the number of the 2nd opening 
is one since the transmitted light which carried out outgoing radiation from two or more 2nd 
openings is received increases, and the quantity of light can be increased, improving detection 
sensitivity. Since the electrical noise contained when a detecting signal is amplified is the 
magnitude of abbreviation regularity, the detecting signal corresponding to the quantity of 
light which received light becomes large, and if the value which amplified the detecting signal 
becomes large, the effect of electrical noise will become small relatively. 
[0013] Therefore, effect of a noise can be made small, improving detection sensitivity of the 
transmitted light. 

[0014] By the way, on the same straight line, since micro passage is irradiated, when using the 
point light source, the point light source and the 1st and 2nd corresponding openings may 
arrange two or more pairs of 1st and 2nd corresponding openings at a radial so that it may 
stand in a line. 

[0015] Preferably, it has the parallel light exposure member which irradiates parallel light in 
the above-mentioned micro passage. The above-mentioned converging section material has 
the direction parallel to the above-mentioned parallel light which connects the 1st 
corresponding opening of the above, and the 2nd opening of the above. 

[0016] In the above-mentioned configuration, a parallel light exposure member is converging 
section material which has two or more parallel breakthroughs, for example. Or it is the 
collimator lens which changes light source light into parallel light. 

[0017] According to the above-mentioned configuration, the straight line which connects the 
1st and 2nd corresponding openings is parallel mutually, and can simplify a configuration. 
Since two or more 2nd openings do not spread to two or more 1st openings, a light sensing 
portion can be made small and the miniaturization of the whole equipment is easy. 
[0018] By the way, in order to improve detection sensitivity, it is necessary to make it the 
scattered light not reach a light sensing portion as much as possible. 

[0019] The progress include angle of the light which is the maximum of the include angle 
which the straight line which connected preferably the point on each periphery of the 1st 
opening of the above and the 2nd opening of the above to which the above-mentioned 
converging section material corresponds makes is 10 or less degrees. 
[0020] According to the above-mentioned configuration, only the scattered light of the 
direction of less than 10 degrees reaches a light sensing portion to the direction to which the 
1st and 2nd corresponding openings are connected. 

[0021] The progress include angle of the above-mentioned light is 3 or less times more 
preferably. 

[0022] According to the above-mentioned configuration, only the scattered light of the 
direction of less than 3 times reaches a light sensing portion to the direction to which the 1st 
and 2nd corresponding openings are connected. 

[0023] Preferably, two or more arrangement of the 1st opening of the above of the above- 
mentioned converging section material is carried out in the direction of passage of the above- 
mentioned micro passage. 

[0024] If the depth is small, it is difficult to arrange two or more 1st openings in the depth 
direction, but if it is the direction of passage like the above-mentioned configuration, it is easy 
to arrange two or more 1st openings. Therefore, it is easy to secure the quantity of light, 
raising the detection sensitivity of direct light. 
[0025] 

[Embodiment of the Invention] Hereafter, the transmitted light detection equipment 
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concerning each operation gestalt of this invention is explained, referring to drawing 1 - 
drawing 12 . 

[0026] First, the principle of transmitted light detection is explained, referring to drawing 1 
and drawing 2 . 

[0027] As shown in drawing 1 , the light which came out of the light source 50 has an include 
angle regulated by the apertures 53 and 55 of the throttle plates 52 and 54 of a couple, and 
reaches the micro passage 21 of a microchip 20. When the liquid in the micro passage 21 has 
not reacted at first, the dispersion matter is not generated, but the light 70 from the light 
source 50 passes along the apertures 63 and 65 of the throttle plates 62 and 64 of straight 
progress and a couple, and reaches a light sensing portion 60. 

[0028] Next, if a reaction starts in the micro passage 21 and the dispersion matter begins to be 
generated, to a microchip 20, by dispersion, straight ************ jq w ju have a certain 
include angle, and will advance. As signs 72, 74, and 76 show at this time, for example, 
drawing 2 , the light with a bigger include angle than the include angle of the apertures 63 and 
65 by the side of light-receiving does not reach a light sensing portion 60. 
[0029] Thereby, the quantity of light of the transmitted light 78 which reaches a light sensing 
portion 60 decreases. By catching this change by the light sensing portion 60, the reaction of 
the liquid in the micro passage 21 is detectable. 

[0030] The include angle of an optical path can also become small, and it can remove so that 
the scattered light of few include angles may not reach a light sensing portion 60, either, and a 
very small reaction can also be detected, so that the path of the apertures 63 and 65 by the side 
of light-receiving is small at this time. Generally, detection sensitivity can go up, so that the 
include angle of an optical path is small, and the liquid which caused the same reaction can 
also catch the rate of a detection value change greatly. 

[0031] However, since the current generated in the light sensing portion 60 is also very small 
in the case of a very small reaction, generally a big output is obtained through an amplifying 
circuit. When current change of a light sensing portion 60 is nA (nanoampere) and pA 
(picoampere) order, for example, if 10,000,000 times as many magnification as this is carried 
out, a noise will occur greatly. This is an electric noise and must devise amplifier, electric 
wiring, etc. to reduce this noise. Moreover, even if it carries out such a device, a fixed noise 
remains. When the reaction variation of suspension is minute, this variation is buried in the 
noise at the time of magnification, and detection of a reaction becomes difficult. 
[0032] In order to raise detection sensitivity, he wants to make the diameter of an aperture 
small, since it is such,. but when the diameter of an aperture is made small, variation decreases 
absolutely and carving [ noise ] becomes impossible. 

[0033] In order to increase the detection quantity of light, there is a view of arranging two or 
more sets of apertures and a light sensing portion in the direction of passage, and adding those 
outputs, but since electrical noise is generated to the output from each light sensing portion, as 
for a S/N ratio, one and a light sensing portion do not change an aperture to the time of being 
one. 

[0034] Then, he is trying to earn the quantity of light in this invention, receiving the 
transmitted light from two or more apertures by one light sensing portion, and improving 
sensibility. 

[0035] First, the transmitted light detection equipment concerning the 1st operation gestalt of 
this invention is explained, referring to drawing 3 , drawing 4 , drawing il , and drawing 12 . 
[0036] As shown in drawing 4 , transmitted light detection equipment fixes the microchip 20 
for reaction detection between 50s of light sources, and 60s of light sensing portions. Between 
60s of light sensing portions, and a microchip 20, the converging section material 56 and 66 
which has aperture 57a for regulating the progress include angle of light, 57b;67a, and 67b, 
respectively is arranged between 50s of light sources, and a microchip 20. 
[0037] The light 80a and 80b which passed the apertures 57a and 57b of the converging 
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section material 56 by the side of the light source is irradiated by the micro passage 21. The 
transmitted lights 88a and 88b from the micro passage 21 pass the apertures 67a and 67b of 
the converging section material 66 by the side of light-receiving, and reach 60s of light 
sensing portions. On the other hand, even if it does not carry out incidence of the great portion 
of scattered light from the micro passage 21 to the 1st opening 67s and 67t of the apertures 
67a and 67b of the converging section material 66, or it carries out incidence as Signs 82a and 
82b show as Signs 84a and 84b show, outgoing radiation of it is not carried out from the 2nd 
opening 67x and 67y. 

[0038] The output of 60s of light sensing portions increases only the number twice (a pair of 
number twice of the 1st and 2nd openings) of Apertures 67a and 67b by arranging so that 60s 
of one light sensing portion may counter the 2nd opening 67x and 67y of at least two 
apertures 67a and 67b. Since the number of 60s of light sensing portions is one, the electrical 
noise at the time of magnification does not increase, but a S/N ratio is improved, and its limit 
of detection improves as a result. 

[0039] For example, LED (light emitting diode) is used for 50s of light sources, and a 
photodiode is used for 60s of light sensing portions. Not only LED but laser, a halogen lamp, 
a xenon lamp, a mercury lamp, etc. can be used for the light source. The bore of 1mm, 
aperture 57a, 57b;67a, and 67b of the thickness of the converging section material 56 and 66 
is 50 micrometers, respectively. Aperture 57a, 57b;67a, and 67b are formed with a press, 
etching, electrocasting, a drill, etc. In addition, a dimension and a configuration are not 
restricted to this. The progress include angle of light can be regulated and the detection 
sensitivity of the transmitted light can be raised, so that the thickness of the converging 
section material 56 and 66 is increased, and, so that the bore of aperture 57a, 57b;67a, and 67b 
is made small. 

[0040] That is, as shown in drawing 3 , the progress include angle theta 1 of light is 
determined from the relation of the bore of apertures 73 and 75, and the distance of throttle 
plates 72 and 74. If the bore of Apertures 73a and 75a is made small or distance of throttle 
plates 72 and 74a is enlarged as a dotted line shows, the progress include angle of light can be 
made small from theta 1 to theta 2, and the detection sensitivity of the transmitted light can be 
raised. It is more desirable to use a bore as the small apertures 73a and 75a, in order to attain 
the miniaturization of the whole equipment. Moreover, in order to prevent an echo within an 
aperture 73 and 75, it is effective, if the inner surface of apertures 73 and 75 is painted black 
or the converging section material 72 and 74 the very thing are formed with a black ingredient 
(for example, carbon). 

[0041] Drawing 11 is an example of the relation of the progress include angle of the light of a 
light-receiving side aperture and the rate of change of the transmitted light in blood 
coagulation inspection. Although there is optimal include angle by the physical properties of 
an inspection object etc., if the progress include angle of light is less than about 10 degrees as 
shown in drawing 11 , rate of change can become 1% or more, and it can detect. Still more 
preferably, it is making the progress include angle of light into less than 3 times, and rate of 
change becomes 4% or more, and the high sensitivity detection of it is attained. 
[0042] Drawing 12 shows the output in blood coagulation inspection, and the relation of time 
amount, (a) is the above-mentioned example equipped with two pairs of apertures, and (b) is 
the example of a comparison equipped with one pair of aperture. Coagulation progresses with 
the passage of time, the transmitted light decreases, the output is decreasing, and the absolute 
magnitude of change of the direction of (a) is large, and all can make small effect of electric 
Neuss at the time of magnification. 

[0043] Next, the transmitted light detection equipment concerning the 2nd operation gestalt of 
this invention is explained, referring to drawing 5 . In the following explanation, explanation 
is omitted to the same component as the 1st operation gestalt using the same sign. 
[0044] As shown in drawing 5 , converging section material may not really be an object. That 
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is, it is good also as converging section material by using by making into a pair 52s of tabular 
throttle plates which have aperture 53a, 53b;55a, 55b;63a, 63b;65a, and 65b, 54s; 62s, and 
64s. In this case, since the scattered light which passed one aperture may pass another 
aperture (not corresponding aperture) and may go into 60s of light sensing portions, it is 
effective when a back scattered light is stronger than forward-scattering light. Moreover, 
when forward-scattering light also has a small diffusion angle, it can respond by extending the 
distance between 62s of throttle plates, and 64s. 

[0045] Next, the transmitted light detection equipment concerning the 3rd operation gestalt of 
this invention is explained, referring to drawing 6 . 

[0046] Drawing 6 is example of another of arrangement of an aperture. Two or more 
apertures are arranged to passage not only in the direction of a right angle but in the direction 
of passage. The dimension of the light sensing portion 61 of a photodiode is l.lmmx 1.1mm. 
The aperture 69 whose bore is 50 micrometers is located in a line with the converging section 
material 68 in 2x5 100-micrometer pitches. Since there are a total of ten apertures 69 in the 
case of this example, as for a light sensing portion 61, one 10 times the quantity of light of 
this can be detected, and, as for a S/N ratio, about 10 times become good. 
[0047] Next, the transmitted light detection equipment concerning the 4th operation gestalt of 
this invention is explained, referring to drawing 7 . 

[0048] Drawing 7 is an example which has arranged photodiode 60t of a line mold in the 
direction of passage of the passage 21 of a microchip 20 (longitudinal direction), and has 
arranged two or more apertures 57t and 67t in the direction of passage along passage 21 in it 
to the converging section material 56t and 66t. 

[0049] Drawing 8 shows the transmitted light detection equipment of the conventional 
example. The long and slender apertures 3 and 5 are formed in the direction of passage along 
the passage 9 of a microchip 8, respectively, and transmitted light lb by the light 1 which 
passed along the aperture 3 by the side of the light source is received by the light sensing 
portion 6 of a long and slender line mold in the direction of passage along passage 9 to the 
converging section material 2 and 4. However, as for example, la shows, the scattered light 
will keep in a light sensing portion 6 as close, and detection sensitivity will fall, because 
opening of the aperture 5 by the side of light-receiving becomes large. However, in the 
example of drawing 7 , by two or more aperture 67t, since it can perform that the transmitted 
light and the scattered light carve, detection sensitivity does not fall. 
[0050] Next, a microchip 20 is explained based on drawing 9 . 

[0051] A microchip 20 can be inspected by mixing with a reagent and making the constituent 
of blood obtained for example, by corpuscle separation react on a microchip 20. 
[0052] A microchip 20 is created using the ingredient of light transmission nature, for 
example, PMMA and PDMS, glass, etc. For example, transparence plate 20b of resin, such as 
glass and PMMA, is joined to a passage configuration in the vertical side of silicon substrate 
20a which carried out penetration etching. The width of face of the micro passage 21 is 20 
micrometers, and the depth is 100 micrometers. In addition, a dimension and a configuration 
are not restricted to this. The more it makes micro passage 21 small, the amount of the 
specimen to be used and a reagent can become less and, the more cost reduction and burden 
reduction to the subject can be aimed at. 

[0053] The micro passage 21 is formed so that 1st passage 21a and 2nd passage 21b may join 
by 3rd passage 21c. 

[0054] Filter carrier section 23a is formed in an edge at 2nd passage 21b, and liquid reservoir, 
section 23b is formed in the mid-position. The water-repellent bulbs 24a and 24b by which 
the passage cross section became small selectively are formed in 1st passage 21a and 2nd 
passage 21b near the juncture, respectively. Liquid reservoir section 23c is formed in the edge 
side of 3rd passage 21c. 

[0055] Reagent induction 25a which is open for free passage at the edge of 1st passage 21a, 
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blood receptacle 25b which is open for free passage to filter carrier section 23b, and attraction 
opening 25c which is open for free passage at the edge of 3rd passage 21c are prepared in 
upper transparence plate 20b. Moreover, atmospheric-air free passage opening 22b is formed 
in 1st passage 21a, atmospheric-air free passage opening 22a which opens the exterior for free 
passage, and 2nd passage 21b and the exterior. 

[0056] A proper reagent is introduced into reagent induction 25a. The introduced reagent will 
stop, if 1st passage 21a is gone on by capillarity and a head reaches water-repellent bulb 24a. 
[0057] Blood receptacle 25b is loaded with the filter for separating a corpuscle. It will stop, if 
the constituent of blood from which the corpuscle was removed with the filter when whole 
blood was dropped at this filter advances 1st passage 21b, and fills liquid reservoir section 
23b by capillarity and a head reaches water-repellent bulb 24b. 

[0058] The reagent which has stopped by the water-repellent bulbs 24a and 24b, and a 
constituent of blood are in the condition which closed the atmospheric-air free passage 
openings 22a and 22b, by drawing in by the proper pressure from attraction opening 25c, can 
be led to 3rd passage 21c, and can be mixed. 

[0059] And light is irradiated to change of the mixed liquor in 3rd passage 21c with light 
emitting diode 50 at 3rd passage 21c, and a phbtodiode 60 detects the transmitted light which 
penetrated 3rd passage 21c. Thereby, biochemical inspection, blood coagulation inspection, 
etc. can be inspected (APTT, PT, the compound factor T, FEBURI no gene, etc.). 
[0060] between between a light emitting diode 50 and microchips 20, a microchip 20, and 
photodiodes 60 — for example, aperture 53 and 55; — a pair each of throttle plates 52 with 
which 63 and 65 were formed, and 54; — 62 and 64 are arranged, respectively and extract an 
optical path, drawing 9 — aperture 53 and 55; — although it is illustrating 63 and one 65 each, 
more than one come out like each above-mentioned operation gestalt actually. Moreover, the 
converging section material of an object may really be used instead of the throttle plate which 
became a pair. 

[0061] Drawing 10 is the perspective drawing of test equipment. 

[0062] The body 82 of test equipment 80 is equipped with the indicator 84 which displays an 
inspection result etc., the control panel 86 for inputting a verification condition etc., and the 
loading section 88 which loads with a microchip 20. 

[0063] Inside the body 82 of test equipment 80, a syringe pump 2, light emitting diode 50, a 
photodiode 60, converging section material (not shown), etc. are arranged. It connects with 
attraction opening 25c of the microchip 20 inserted in the loading section 88 through a tube 4, 
and a syringe pump 2 draws in to timing suitably. 

[0064] Effect of a noise can be made small, improving detection sensitivity of the transmitted 
light by receiving the transmitted light which passed two or more apertures by one light 
sensing portion, as explained above. 

[0065] In addition, this invention is not limited to each above-mentioned operation gestalt, 
and others can carry it out in various modes. 

[0066] For example, micro passage may be formed in transmitted light detection equipment, 
without using a removable microchip. Moreover, it is good also as a configuration whose 
microchip itself was equipped with converging section material (aperture). 



[Translation done.] 



